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The Resistance to Compression Behavior of Alpaca and Wool 
 
Xin Liu, Lijing Wang, Xungai Wang 
School of Engineering and Technology, Deakin University, Geelong, VIC 3217 
 
ABSTRACT 
 
This study compares the resistance to compression behavior of wool and 
alpaca fibers. It shows that alpaca fibers have a much lower resistance to 
compression than wool, and there is little co-relation between the resistance to 
compression and the curvature for alpaca fibers. Yet for wool fibers, the co-
relation between resistance to compression and curvature is very strong and 
positive. The differences in fiber curvature and scale profiles between alpaca 
and wool, together with the test method for resistance to compression, may 
explain their different resistance to compression behavior. 
_____________________ 
 
Alpaca fiber is soft, and typically blended with Merino wool or other fibers for use in 
overcoats and high fashion knitwear. With the development of the rare animal fiber 
industry, considerable interest has been shown in alpaca animals and alpaca fiber 
products. When feeling alpaca and wool fibers, people often wonder why alpaca fibers 
are much softer than wool, even when the alpaca fibers are a few microns coarser than 
wool. Soft-handle is a result of subjective evaluation [15]. It involves in a combination 
of fiber/fabric characteristics, such as surface roughness/smoothness, bending stiffness, 
compressibility, resilience, extensibility, fabric thickness and so on. The fiber/fabric 
may be soft if it is smooth, easier to compress and suppler, and has a lower bending 
rigidity.  
 
The softness of loose wool is heavily dependent on its fiber diameter (FD) [19]. Crimp 
characteristics (Crimp frequency and definition etc.) play a minor but significant role 
for softness through their influence on compressibility [17]. Many studies have reported 
the effect of crimp on quality of tops, yarns and fabric, and on ease of processing and 
spinnability [1; 2; 8-11; 15; 20; 21]. The general agreement is that low crimp frequency 
is associated with longer Hauteur in top, lower Romaine in combing, better yarn 
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evenness and less ends-down. Low crimp wool can be spun into a finer count yarn and 
produce a thinner, softer, smoother, leaner and less pilling fabric. Because of a high 
correlation between crimp frequency and resistance to compression (RtC) [4; 12; 18], 
the softness of a knitted fabric is also related to the RtC value of raw wool. Madeley et 
al reported that compressibility of the knitted fabric increases and bending rigidity 
decreases as loose fiber RtC decreases [10]. Fabric stiffness also decreases with 
decreasing loose fiber RtC and staple crimp. 
 
Fiber curvature may be used to describe the space-filling properties of a mass of wool 
fibers [6]. There is a strong relationship between crimp frequency and curvature [23]. 
The inherent fiber curvature lies within the wool follicle [3], and staple crimp frequency 
is basically an expression of the curvature of the fibers within the staple [23]. Reduction 
in fiber curvature reduces fiber bending rigidity [11], the thickness of yarns [22], and 
increases the soft-handle of fabrics. 
 
Since measuring resistance to compression (RtC) is an objective way to reflect fiber 
compressibility, and latest fiber curvature (Cur) measurement can be used to predict the 
crimp characteristics, both parameters (RtC value or Cur) have been used to describe 
the softness of wool within wool industry for many years. However, it is unclear if these 
parameters are applicable to those fibers that lack crimp frequency and crimp definition, 
such as alpaca fiber. This study compares the resistance to compression behavior of 
alpaca and wool fibers.  
 
 
Experimental 
 
MATERIALS AND PREPARATION 
 
We used Huacaya alpaca and Merino wool fibers for the resistance to compression 
measurements. We selected five wool samples (ranging from 16µm to 29µm) and 
thirteen alpaca samples randomly from sale bales. The alpaca fiber samples include 
different classed fineness lines (Fine, Medium to Strong line) with a good average 
length (80-120mm). We scoured the samples under identical conditions, dried the 
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scoured samples in air and then conditioned them for more than one week under the 
standard temperature of 20±2°C and relative humidity of 65±2%.  
 
We also carried out the resistance to compression tests on alpaca fibers sampled from 
alpaca tops. In addition, we re-scoured some alpaca and wool staples using a DCM 
solution (Dichloro-Methane -AR) for Scanning Electronic Microscope (SEM) 
observation, to examine the differences in fiber surface properties.  
 
TESTING 
 
We selected two test-specimens from each conditioned bulk sample for testing. We 
measured the specimens for resistance to compression (RtC) according to the Australian 
standard -AS3535-1988.  After the RtC measurement, all tested samples were relaxed 
for up to 48 hours, we then used them to measure the fiber diameter and curvature using 
an OFDA instrument. We used the same procedures to measure the samples from alpaca 
tops. 
 
We also used a scanning electron microscope (LEO-1530) to examine the scale profiles 
of alpaca and wool samples.  
 
 
Results and Discussion 
 
SUMMARY OF RESULTS 
 
We summarised the average test results in Table I. For the wool fiber, curvature (Cur) 
and resistance to compression (RtC) decrease with the increase of mean fiber diameter 
(MFD). But this is not the case for alpaca fibers. We also note that the RtC values for 
wool are significantly higher than that for alpaca fiber at similar microns. This is likely 
due to the fact that wool has higher fiber curvature (Table I) and crimp frequency than 
alpaca fiber (Figure 1). 
 
 4 
Table I. Alpaca and wool fiber properties 
Groups Alpaca fiber Wool fiber 
Class Fine Medium Strong 80s 70s 66s 60s 56s 
MFD (µm) 24.4 26.8 32.8 16.8 19.0 20.0 24.2 28.5 
Cur (°/mm) 37.5 35.8 28.5 132.5 91.7 83.9 69.4 54.8 
RtC (kPa) 4.5 5.1 5.4 10.0 7.5 7.5 7.3 6.8 
 
 
EFFECT OF FIBER DIAMETER AND CURVATURE ON RTC 
 
In Figure 2, we plot the RtC against the mean fiber diameter (MFD). Surprisingly, 
figure 2 shows that wool and alpaca behave quite differently, even though they are both 
animal fibers. Similarly, the difference between alpaca and wool in the effect of fiber 
curvature on RtC is also very obvious, as indicated in Figure 3.   
 
In the case of wool, the RtC is highly co-related with its fiber curvature, hence crimp 
frequency, which is consistent with previous findings [12; 18].  Figure 4 shows the co-
relation between curvature and diameter for both wool and alpaca fibers.  Because of 
the strong co-relation between the diameter and curvature of wool, the co-relation 
between RtC and diameter of wool (Figure 2) is probably a reflection of the curvature 
effect for wool fibers. Considering that the softness of loose wool is heavily dependent 
on its fiber diameter (FD) [19] and the fact that finer wool is usually much softer than 
coarser wool, the results in Figure 2 suggest that RtC is actually a very poor indicator of 
fiber softness, particularly for wool fibers of varying diameters.  
 
In the case of alpaca fibers, the RtC has a very weak co-relation with fiber curvature, 
over the narrow range of curvatures for the alpaca fibers (Figure 3). There is a slightly 
positive co-relation between the RtC and mean fiber diameter for alpaca fibers, 
suggesting that the coarser fibers may offer greater resistance to compression, even 
though the fiber curvature is lower for coarser fibers as shown in Figure 4. 
 
When we conducted a multiple regression analysis on the effect of both diameter and 
curvature on RtC, we found an excellent co-relation for wool, with an R-square value of 
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about 0.97. In contrast, the co-relation between RtC and the diameter and curvature of 
alpaca is still quite low, with an R-square of 0.21. As we expected, the dominant effect 
on RtC is curvature or crimp for wool, and that for alpaca is fiber diameter. 
 
If in the case of a low curvature fiber such as alpaca, the diameter effect on RtC is 
dominant, then we would expect to have stronger diameter effect on RtC when the fiber 
curvature is further reduced. We also know that during fiber processing, there is an 
associated reduction in crimp frequency and fiber curvature [6; 7; 13; 20; 23]. The 
curvature of alpaca fibers in the tops is smaller than that obtained from loose alpaca 
fibers before processing. Table II shows the average diameter and curvature results for 
the alpaca tops used in this study. It is interesting to note that while the fiber curvature 
in tops is further reduced as a result of the top-making processing, the effect of alpaca 
diameter on its RtC is surprisingly small.  
 
Table II. Mean fiber diameters and curvatures of alpaca tops  
 Fiber property Alpaca top 
MFD (µm) 21.3 26.4 32.2 
Cur (°/mm) 31.3 27.4 21.4 
RtC (kPa) 1.4 1.3 1.2 
 
Based on these results, we can infer that the current RtC test method for wool is not 
quite applicable to low-crimp fibers such as alpaca fibers, because the effects of 
curvature and diameter on the fiber’s resistance to compression are not consistent.   
 
The question now is, why do wool and alpaca differ so much in their resistance to 
compression behavior? In order to answer this question, we need to look into both the 
RtC test method itself and the different fiber characteristics between alpaca and wool. 
 
 
RESISTANCE TO COMPRESSION TEST METHOD AND THE FIBER CRIMP EFFECT 
 
Two aspects of staple crimp noted by Lamb et al [8] are crimp definition and crimp 
frequency. The former relates to how visible the crimp appears, which depends on 
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whether all fibers curve together or not. The latter is defined as the number of crimp 
wavelengths per centimetre (cm). Merino wools have a clear crimp definition and high 
number of crimps. Wool staples have more dense and crimped fibers than alpaca. For 
example, wool fibers with diameters in the range of 16.5 - 22.3µm usually have 4 to 8 
crimps per cm; for alpaca fibers, the crimp frequency is about 2 to 3 crimps per cm [16]. 
Since staple crimp frequency can be used to quantify the bulk density of wool [6],  
methods of direct measurement of bulk density have been developed, such as RtC 
measurement in Australia and South Africa and Bulk measurement in New Zealand. 
RtC is defined as the force per unit area required to compress a fixed mass (2.5g) of 
clean wool to a fixed volume (Φ50×Η12mm cylinder) (AS 3535-1988). This force is 
related to the fiber diameter, crimp frequency, and the shape/definition of the fiber 
crimp [10]. For merino wool, the RtC ranges from 5 to 15 kPa [5]. Wools of greater RtC 
are generally harsher [17].  
 
It is reported that the objectively measured raw wool parameter of RtC is the best single 
indicator of the subjectively assessed handle of scoured wool in loose fiber form [12]. 
The loose fiber RtC is the best single parameter that determines softness by a tactile 
appraisal of fabric knitted from woollen spun yarn [10]. Therefore, RtC is commonly 
used as an index of the softness of fiber and subsequent fabric. However, the results in 
this study suggest that the RtC does not give a good indication of fiber softness. 
 
Figure 5(a) gives an idealised illustration of the normal compression process, which 
measures the effect of both fiber diameter and crimp frequency on the resistance to 
compression of wool fibers with a clear crimp definition. As the fiber crimp frequency 
becomes smaller and crimp altitude becomes lower, the RtC value becomes more 
dependent on the fiber diameter. It could be very low in the case of Figure 5(b), which 
gives a RtC reading without the crimp effect. For low-curvature fibers such as alpaca, 
the bulk of the test sample is small, which offers little resistance to compression. The 
resistance to compression may be further reduced if the fiber surface is very smooth, as 
discussed in the following section. 
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RESISTANCE TO COMPRESSION AND THE FIBER SURFACE EFFECT 
 
Figure 6 shows the SEM images of a typical alpaca fiber and a wool fiber. Comparing 
with the wool fiber, the alpaca fiber scales are thinner and denser. We therefore 
examined the scale properties of more alpaca and wool fibers, and present the results in 
Table III. With fiber diameters ranging from 16 to 40µm, the mean scale height of 
alpaca fiber is approximately 0.4µm, while that of wool fiber (of similar fineness range) 
is around 1.0µm. These results are consistent with reports of Kim-Hô Phan et al [14]. 
The lower scale height and higher scale frequency for alpaca fibers will reduce the 
frictional resistance when the fibers are compressed. This could be another reason for 
much lower RtC value for alpaca fibers, compared with wool.  
 
Table III. Surface properties of alpaca and wool fibers 
Fiber type 
Fiber diameter 
range (µm) 
Scale frequency 
/100µm 
Scale height 
(nm) 
Huacaya alpaca 16.57-40.08 10.53 374.59 
Wool 16.04-39.35 7.60 1097.80 
 
 
Conclusions 
 
This study has demonstrated the profound difference between wool and alpaca fibers in 
their resistance to compression behavior, which is surprising considering both fibers are 
of an animal origin. The resistance to compression is highly co-related with the 
curvature of wool fibers, but this co-relation does not exist for alpaca fibers. In 
comparison with wool, alpaca fibers have much lower curvature and scale protrusion, 
which reduces the bulk of the fiber mass and its frictional resistance under compression, 
both leading to reduced resistance to compression. This study suggests that the result 
from the current resistance to compression test method is not suitable for low-curvature 
fibers, such as alpaca, and it is not a good softness indicator for fibers of varying 
diameters.  
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Figure 1. Crimp profiles of fine wool (Left two, 6-7crimps/cm) and Huacaya alpaca 
(Right two, 1-3crimps/cm) 
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Figure 2. Relationship between resistance to compression and mean fiber diameter of 
alpaca and wool fibers 
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Figure 3. Relationship between resistance to compression and curvature of alpaca and 
wool fibers 
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Figure 4. Curvature versus diameter for wool and alpaca fibers 
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Figure 5. Compression models of RtC testing for fibers of different crimp types 
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Figure 6. Scale profile of alpaca fiber (Left) and wool fiber (Right) 
 
 
 
 
 
 
 
 
 
 
 
 
